Otosclerosis is an osteodystrophia of the otic capsule, responsible for hearing loss by blocking of the stapes footplate. The purpose of this study was to evaluate the reliability of computed tomography (CT) in the positive diagnosis of otosclerosis, to compare the radiological findings to those intraoperatively, and to seek a correlation between imaging data and postoperative audiometric results. This is a retrospective study of 60 patients having otosclerosis, treated in our department between 2009 and 2011. All patients underwent an otoscopic examination, pure tone and vocal audiometry, impedancemetry and petrous CT scan. At petrous CT scan, a footplate thickening was found in 9 cases. Labyrinthine bone hypodensity was noted in 51 cases. Sensitivity of CT in the diagnosis of otosclerosis was 100%. Regarding the operative findings and their correlation with imaging, we found that among the 7 facial canal procidences reported intraoperatively, CT had identified 6, with a sensitivity of 86%. Of the 53 facial nerve in normal position intraoperatively, CT had only identified 34, with a specificity of 64%. Regarding the ossicles, there were 6 cases of abnormalities of the incus, among them 3 were identified on CT, with a sensitivity of 50%. The 54 patients with normal ossicular chain intraoperatively were all identified as such on CT, with a specificity of 100% (p = 0.001). For correlation between imaging and postoperative results, it was found that patients with extended otosclerosis had lower postoperative audiometric improvement than those having localized disease (p < 0.05). Computed tomography is necessary for the diagnosis of otosclerosis. It also helps, with good sensitivity and specificity, seeking for anatomical variants that the surgeon could possibly encounter during surgical procedure. Finally, there is a statistically significant correlation between imaging data and postoperative audiometric results, allowing establishing a functional prognosis even before surgery.
Introduction
Otosclerosis is an osterodystrophy of the otic capsule, which results in conductive and/or sensorineural hearing loss. The pathophysiology of otosclerosis is complex. The main lesions are multifocal areas of sclerosis within the endochondral temporal bone. It is linked to enzyme disorders, involving lysosomal proteolytic enzymes associated with calcium integration disorders. Its frequency is difficult to assess. Indeed, not all otoscleroses have clinical manifestations, and histological form is 10 times more common than the clinical form. The disease can be considered to be hereditary, but its penetrance and the degree of expression are so highly variable that it may be difficult to detect an inheritance pattern. Diagnosis is suspected on clinical and audiometric data. Literature review shows that petrous computed tomography (CT) is very important to make diagnosis of otoclerosis [1] . It allows the surgeon to prepare for certain difficulties he might encounter intraoperatively. It can also predict the prognosis after surgery.
The purpose of this study is to evaluate the reliability of CT in the diagnosis of otosclerosis, to compare the radiological findings to intraoperative ones, and to seek a correlation between imaging data and post-operative audiometric results.
Materials and Methods
This is a retrospective study of 60 patients having otosclerosis, treated in our department between 2009 and 2011. All patients underwent an otoscopic examination, pure tone and vocal audiometry, impedancemetry and petrous CT scan. This was done without iodine contrast media injection, in axial and coronal sections, and in oblique reconstructions in the stapes plane and in the cochlear window (to explore the "ossicular V"). All patients were operated under general anesthesia. They underwent stapedectomy and piston transposition. Postoperative tone audiometry was performed for all of them.
For this study, we were interested only in the operated side in order to compare the imaging data to the peroperative anatomical data and to the postoperative audiometric results. Imaging data included footplate thickness, perilabyrinthic hypodensity, facial canal procidence, ossicles abnormalities and narrowness of oval window. Peroperative anatomical data included the last three ones. Postoperative audiometric results were based on the comparison between pre and postoperative pure tone audiometry. Statistical analysis was performed using chi 2 test.
Results
Sixty patients having otosclerosis, who were treated in our department between 2009 and 2011 were enrolled in this research. Mean age was 41 years (16 -65 years) and sex-ratio 0.42. Family history of hearing loss was observed in 10 patients (16.7%), including 3 operated on for otosclerosis. All patients consulted for hearing loss. It was bilateral in 51 cases. Tinnitus was associated in 53 cases. Five patients had associated vertigo. Otoscopy showed complete normal tympanic membrane in all cases ( Table 1) .
Among the 60 operated ears, pure tone audiometry showed conductive hearing loss in 45 cases (75%) and mixed hearing loss in 15 cases (25%). Air-bone gap varied between 30 and 70 decibels (dB). Tympanogram was central with decreased compliance, and acoustic reflex was absent in all cases. Vocal audiometry showed intelligibility threshold range between 40 and 90 dB. Maximal intelligibility rate ranged from 60% to 100%.
At petrous CT scan, a hypodense footplate having a thickness of more than 0.6 mm was considered as thick and was found in 9 cases (Figure 1) . Perilabyrinthic hypodensity was found in 51 cases (Figure 2) . Distribution of our patients according to Veillon classification is summarized in Table 2 . All patients had CT suggestive of otosclerosis. The sensitivity of CT in the positive diagnosis was thus 100%. We found no relationship between the degree of extension of otosclerotic lesions and the average age of our patients (p = 0.08). Similarly, there is no statistically significant correlation between the degree of extension on CT and the presence of a family history Regarding to operative findings and their correlation with imaging, we found that among the 7 cases of facial canal procidences reported intraoperatively, CT had identified 6 (Figure 3) , with a sensitivity of 86%. Of the 53 facial nerves in normal position intraoperatively, CT identified as 34, with a specificity of 64%. Thus, CT identified one false negative and 19 false positives. CT presents a statistically significant diagnostic value (p = 0.017) on the facial nerve canal prolapse in terms of sensitivity, but a lower level of specificity.
Concerning the ossicles, there were 6 cases of abnormalities of the long process of the incus observed intraoperatively, 3 were identified on CT (Figure 4) , with a sensitivity of 50% (not statistically significant). The 54 patients with normal ossicular chain intraoperatively were all identified as such on CT, with a specificity of 100% (p = 0.001). Furthermore, we found 16 narrow oval windows intraoperatively, 12 of which were identified on CT, with a sensitivity of 75%.
The prognostic approach was to find a correlation between imaging and postoperative audiometric results. To do this, we divided the patients into two groups: localized otosclerosis group (grouping stages I and II of Veillon classification, 48 cases) and extended otosclerosis group (stages III and IV, 12 cases). This classification has a direct impact on preoperative tonal audiometry. Indeed, the thresholds of preoperative pure tone audiometry were significantly higher in cases of extended otosclerosis. We then calculated the average of air conduction, the average of bone conduction and the average of pre and postoperative air-bon gap. These results are shown in Table 3 . Patients classified stage III or IV had lower postoperative audiometric improvement than the group 
Discussion
Otosclerosis manifests clinically only when histological foci reached a sufficient size, thus fixing the footplate [2] . Unilateral or bilateral progressive hearing loss is the main symptom (all the cases of our series). Tinnitus is frequently associated (88.3% in our series). Dizziness is rare (8.3% in our series). Otoscopy shows a normal tympanic membrane. Pure tone audiometry shows conductive or mixed hearing loss (75% and 25% respectively in our series). A notch on the bone conduction at the 1000 or 2000 Hz frequency (called Carhart notch) may be found in some cases. Impedancemetry shows a peak tympanometry centered on zero with normal or decreased amplitude, associated with the absence of acoustic reflex [2] [3]. Petrous computed tomography should look for two basic radiological signs in otosclerosis, namely the footplate thickening and the presence of perilabyrinthic hypodensities. Normal footplate is about 0.5 mm thick. A greater than 0.6 mm thickening is considered one of the main criteria for diagnosis [4] [5] . For hypodensities, it is the radiological translation of the active otosclerotic foci. These demineralization foci are found in 4 predilection sites which are: -The fissula antefenestram (anterior to the footplate): We found it in 65% of cases in our series. It is the predilection site of otosclerosis [6] [7] . It is an embryonic fibrocartilaginous remaining located on the anterior edge of the oval window (called also vestibular window). According to Veillon, this location is found in 80.9% of the analyzed ears [4] . -The other sites include cochlear (or round) window (2.9% to 9.5% of cases), peri-cochlear capsule and the anterior wall of the internal auditory canal [4] [8]- [11] . In 1993, Valvassori [6] reported that the otosclerotic lesion must be greater than or equal to 1 mm to be visible on CT sections. Therefore, he considers that the infra-radiological forms of otosclerosis correspond to superficial foci, which are too small to be seen on CT. In retrospective studies conducted between 1996 and 1999 for the diagnosis of 437 cases of otosclerosis, CT, which section thickness was 1 mm, had a sensitivity of 91%. Lagleyre et al. [8] have found a better sensitivity: 95% for a 0.6 mm section thickness. Thus, the improved resolution by the use of spiral (or helical) CT and the reduction in section thickness have reduced the frequency of infra-radiological forms and improved the CT sensitivity in the diagnosis of otosclerosis. For Marx, this highresolution CT can detect different forms of otosclerosis with a sensitivity of 95% and a specificity of 99.1% [12] .
It is essential that imaging can identify potential problems that may be encountered during surgery. The narrowness of the oval window (<1.4 mm) is the most frequent abnormality [1] [13] . In our series, it was found in 26.6% of cases (16 narrow oval window among the 60 operated ears), and the sensitivity of CT to detect that was 75%. In a retrospective study of 293 ears operated for otosclerosis, Ayache found 36 cases (12.3%) of narrow oval window intraoperatively [13] .
Anatomical variations of facial canal are the second anomaly to search on CT. It can be a dehiscence by bone defect, or prolapse, defined by a low position of the facial canal at the oval window [4] . In our series, CT has identified 6 procidences of the facial canal among 7 confirmed intraoperatively, with a sensitivity of 86%. According to Swartz, prolapse corresponds to the visualization of a structure having tissular density localized under the lateral semi-circular canal and projecting on the same level as the oval window in coronal section [14] . In a study of 293 ears operated for otosclerosis, abnormal facial canal (prolapse and/or dehiscence) accounted for 8.9% [13] .
In addition, CT can also assess the integrity of the long process of the incus, which is very important to evaluate since it is the future piston support. It allows also seeking for signs suggesting geyser ear, which represents an absolute contra-indication for stapes or footplate surgery [15] . This anomaly is related to the abnormal presence of cerebrospinal fluid in the inner ear with labyrinthic hyperpressure and geyser risk when the footplate is opened. Bone lesions that result from hyperpression can be found in many sites in the internal auditory canal and in the labyrinthine segment of the facial canal [15] .
Regarding imaging and postoperative results correlations, several authors noted a statistically significant relationship between the stage of otosclerosis and the improvement of hearing thresholds postoperatively. In a study of 437 CT, Shin et al. found, in patients with extended otosclerosis, a statistically significant high postoperative air and bone conduction thresholds (and then a lower improvement), compared to the group formed by patients with localized otosclerosis [10] . Marx has shown, in a series of 200 patients operated, that the group with extensive disease or with high preoperative air and bone conduction thresholds have a reduced chance to improve these levels compared to patients with radiologically localized otosclerosis [12] . The results of our study are statistically significative and confirm these literature findings. It is therefore important to inform the patient, before any surgical procedure, about the relative effectiveness of surgery in case of an extended otosclerosis.
Furthermore, it was found in several studies that the invasion of the cochlear endoste by the otosclerotic foci on CT is correlated with a poor prognosis [4] [10] [16] [17] . Indeed, this phenomenon leads to a release of enzymes in the labyrinthine fluid, causing inflammation and degeneration of intra-cochlear structures, which can lead to severe sensorineural hearing loss [4] [18]- [20] .
Conclusion
Computed tomography is necessary for the diagnosis of otosclerosis. It also helps, with good sensitivity and specificity, seeking for anatomical variants that the surgeon could possibly encounter during surgical procedure. Finally, there is a statistically significant correlation between imaging data and postoperative audiometric results, allowing establishing a functional prognosis even before surgery.
